Introduction
Uterine myoma (or leiomyoma or fibroid) is the main reason why women between 40 and 50 years old consult a gynecologist (apart from routine follow-up). It is the most common benign uterine tumor in women of reproductive age and occurs in 20%-25% of this population. 1 Depending on the localization of the tumor, it may cause different symptoms including pelvic pain, dysmenorrhea, menorrhagia, iron deficiency anemia, infertility, and reduced quality of life. 2, 3 No currently approved medical treatment is able to completely eliminate fibroids. For this reason, surgery, particularly hysterectomy, predominates as the treatment strategy. Other treatments such as myomectomy, hysteroscopic removal, and uterine artery embolization may also be proposed. The choice of treatment primarily depends on the symptoms, patient's age, desire to preserve fertility, and the patient's choice.
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The use of oral progestin is also limited, because it may cause breakthrough and promote the proliferation of cells in the myoma. 7, 8 Moreover, the effects of progestin as a treatment for symptoms associated with fibroids have been poorly evaluated.
Because progesterone plays an important role in myoma growth, modulating the progesterone pathway represents one of the possibilities for medical therapy. Ulipristal acetate (UPA) is a selective progesterone receptor modulator (SPRM) that potently modulates the proapoptotic and proliferative activity of fibroid cells.
Following reports of the PEARL I 9 and PEARL II 10 studies in February 2012, UPA was licensed in Europe for preoperative fibroid treatment. More recently, the results of the first studies reporting long-term intermittent therapy (PEARL III, 21 up to four courses of 3 months of UPA; PEARL IV, 22 two courses of 3 months of UPA) have become available. UPA may become a new treatment option for many women who may wish to avoid surgery in the future. Our present review aims to evaluate the reported clinical utility of UPA and its place (both currently and in the future) in the treatment of uterine fibroids.
Management of uterine fibroids: medical treatment's place?
No currently available medical treatment is able to eliminate fibroids. Therefore, there is no indication for medical treatment in the absence of symptoms. 11 In cases with symptomatic fibroids (pain or bleeding), the treatment has traditionally been surgical. Based on a large literature review, 4 the French recommendations for the management of patients with fibroids concluded the following:
• When pregnancy is desired, the hysteroscopic resection of submucosal fibroids less than 4 cm in length is recommended.
• Interstitial, also known as intramural, fibroids have a negative effect on fertility, but treating them does not improve fertility. Myomectomy is therefore indicated only for symptomatic fibroids, depending on their size and number, and may be performed by laparoscopy or laparotomy.
• For perimenopausal women who have been informed of the alternatives and the risks, hysterectomy is the most effective treatment for symptomatic fibroids and is associated with a high rate of patient satisfaction. Because uterine artery embolization is an effective treatment with low long-term morbidity, 4 it is an option for symptomatic fibroids in women who do not want to become pregnant, and it is a validated alternative to myomectomy and hysterectomy that must be offered to patients.
Medical treatment can be used to control symptoms associated with fibroids and can allow surgery to be scheduled under better circumstances (eg, a higher hemoglobin level, or myoma size reduction). Danazol is also often used to control bleeding. However, no randomized controlled trial has proven benefits in the treatment of uterine fibroids. In addition, several side effects have been described, such as acne, hirsutism, weight gain, irritability, musculoskeletal pain, hot flashes, and breast atrophy, all of which limit its long-term use. 12 Oral combined contraceptive pills are often used for young women to control menorrhagia and dysmenorrhea. Unfortunately, such therapy has been very poorly investigated in patients with symptomatic fibroids.
A levonorgestrel intrauterine device can provide a good reduction in menorrhagia, but its effect on the size of uterine fibroids is still being debated. 13, 14 Its use is not recommended in cases with severe distortion of the uterine cavity because of low probability of symptom improvement and the risk of expulsion. 15 Before the arrival of SPRMs, the most efficient medical treatment, as both a conservative treatment and as a preoperative therapy, was GnRH agonists. They induce significant improvements of most symptoms related to fibroids (bleeding, anemia, and pain) and are able to reduce the volume of fibroids. 5 However, these effects are transient, and the fibroids usually return to pre-therapy size within a few months of discontinuation. 16 Furthermore, the chemical castration that GnRH agonists cause leads to menopausal symptoms that limit their long-term use.
Recently, SPRMs have been proved to be efficient in terms of reducing both the symptoms and size of fibroids. 9, 10 The efficacy of these drugs will likely diminish the role of surgery in the management of fibroids. UPA may permit less invasive surgery and might totally replace surgery in some cases.
Mechanism of action of UPA on uterine fibroids
The ratio of the estrogen receptor (ER) to progesterone receptor (PR) is higher in leiomyoma than in the corresponding normal myometrium, both in terms of the total cellular levels in each individual case and in the nuclear levels. 17 It appears that estrogen sensitivity is higher in the leiomyoma than in the corresponding myometrium due to the relative increase in ER. The role of estrogen on myoma growth has been known for a long time. However, the roles of progesterone and PR 
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Ulipristal acetate for the treatment of uterine fibroids have only recently been elucidated. Progesterone promotes fibroid growth in two ways: 1) it upregulates epidermal growth factor expression and Bcl-2 protein expression; and 2) it downregulates the expression of the tumor necrosis factor gene. 18 SPRMs are a new class of PR ligands that display tissueselective effects on target cells. UPA is an orally active synthetic SPRM that is characterized by a tissue-specific progesterone antagonist effect. 19 UPA reduces the proliferation of leiomyoma cells and induces apoptosis by increasing the expression of cleaved caspase-3 and decreasing the expression of Bcl-2. Conversely, UPA downregulates the expression of angiogenic growth factors and their receptors. Thus, it inhibits neovascularization, cell proliferation, and survival in leiomyoma cells, but not in normal myometrial cells. 20 UPA also has a central action on the hypothalamicpituitary-ovarian axis, and it inhibits or delays ovulation. However, UPA does not change the basic levels of luteinizing hormone or follicle-stimulating hormone, and the estradiol levels remain in the mid-follicular physiological range (60-150 pg/mL). Consequently, UPA does not lead to estrogen deficiency or the symptoms associated with estrogen deficiency. UPA induces amenorrhea in most women because of its interactions with endometrial PRs. 19 However, it is important to keep in mind that UPA should not be given as (or instead of) a contraceptive, although it most likely reduces spontaneous fertility during treatment.
Therapeutic efficacy of UPA in the treatment of uterine fibroids
The clinical efficacy and tolerability profile of UPA have been tested in four randomized, double-blind, multi-national, Phase 3 trials. The first was PEARL I (PGL4001 versus placebo in uterine fibroids), which compared oral UPA (5 or 10 mg/day) to placebo. 9 The second was PEARL II (PGL4001 versus GnRH analog in uterine fibroids), which compared UPA (5-10 mg/day) with the GnRH analog, leuprolide acetate (LA) (one intramuscular injection per month of 3.75 mg). 10 The third was PEARL III (PGL4001 long-term treatment), where four courses were given over 3 months, with each course of UPA treatment separated by two menstrual cycles. 21 The final study was PEARL IV, which evaluated the administration of two courses of 3 months of 10 mg/day of UPA 22 (Table 1) .
PeARL I
In the first PEARL (PEARL I) study, 96 patients received UPA at 5 mg/day, 98 received UPA at 10 mg/day, and 48 women received placebo. 9 Every woman received 80 mg iron supplementation once daily during the active treatment phase. Treatment was started during the first 4 days of menstruation and was continued for 13 weeks.
The inclusion criteria were as follows: women between 18 and 50 years of age with fibroid-related menorrhagia and anemia and a myomatous uterus equivalent in size to a pregnant uterus of 16 weeks gestation or less, with at least one fibroid of 3 cm or more in diameter, but with no fibroid exceeding 10 cm diameter as determined by magnetic resonance imaging (MRI), were included. Fibroid-related menorrhagia was evaluated by the Pictorial Blood Assessment Chart (PBAC) score and was considered significant for inclusion when it was higher than 100 on days 1-8 of menstruation. Similarly, fibroid-associated anemia was considered significant when the hemoglobin level was lower than 10.2 g/dL without macrocytosis. 9 The co-primary endpoints were the efficacy of UPA in controlling excessive bleeding (defined as a PBAC lower than 75) and the reduction of fibroid volume at week 13, as assessed by MRI. The secondary endpoints included bleeding pattern amenorrhea, changes in the hemoglobin, hematocrit, and ferritin values, pain, and quality of life. The tolerability of UPA, considering treatmentrelated adverse events and endometrial changes, was also assessed. 9 The PEARL I trial demonstrated the effectiveness of UPA in controlling menorrhagia. 9 At week 13, bleeding was controlled in 91%, 92%, and 19% of the women receiving UPA (5 mg), UPA (10 mg), and placebo, respectively. Bleeding control was achieved on day 8 in 75% of patients receiving 5 or 10 mg UPA versus 6% who were administered placebo.
A significantly higher rate of patients in the UPA groups had a reduction in myoma volume and a uterine volume decrease of at least 25% at week 13. In the subpopulation of patients who did not undergo surgery, the myoma volume reduction appeared to be maintained for 6 months after the end of treatment. Higher hemoglobin and hematocrit levels were observed in patients receiving UPA than in patients receiving placebo, though all patients received the same iron supplementation. The higher dose of UPA (10 mg) was more efficient for pain reduction than was the placebo (-5.6 versus -2.5; pain was assessed with Short-Form McGill Pain Questionnaire). 9 An important limitation of the PEARL I study was the limited duration of the study. In addition, the study focused on preoperative treatment but was not designed to evaluate possible treatment-related differences in surgical outcomes. The inclusion criteria were the same as those in the PEARL I trial, except for anemia, which was not required. The primary endpoint was to demonstrate that UPA is not inferior to LA in reducing uterine bleeding. The secondary endpoints were similar to those of the PEARL I trial. 9, 10 Menorrhagia was controlled at week 13 in 90%, 98%, and 89% of the women receiving UPA (5 mg), UPA (10 mg), and LA, respectively. 10 Thus, UPA provided a quicker control of uterine bleeding compared with LA. The median time required to achieve amenorrhea was 7 days in the UPA group and 21 days in the LA group. All treatments reduced the volume of the three largest fibroids, with median reductions at week 13 of 36% in the group receiving 5 mg of UPA, 42% in the group receiving 10 mg of UPA, and 53% in the group receiving LA. LA was associated with a significantly greater reduction in uterine volume (47%) than that observed in the UPA groups (20%-22%). In the subpopulation of patients who did not undergo surgery, the myoma volume reduction appeared to be maintained for at least 6 months after the end of UPA treatment, whereas it returned to the baseline in most patients who had received LA. 10 No significant difference in pain reduction between the three groups at the end of treatment was observed (pain scores of -5.0, -6.0, and -5.5, respectively).
Finally, the trial aimed to prove the better tolerability profile of UPA in terms of the estradiol levels and incidence and intensity of hot flashes. 10 At week 13, the proportions of patients reporting moderate-to-severe hot flashes were significantly lower in the patients receiving UPA (11% in the 5 mg group, and 10% in the 10 mg group) than in the group of patients receiving LA (40%) ( Table 2) .
These two trials (PEARL I and PEARL II) 9,10 demonstrated an overall improvement in the quality of life of symptomatic women treated with UPA. Because the effects of daily administration of 5 mg UPA did not differ significantly from the administration of 10 mg, 5 mg/day was defined as the minimum effective dose of the drug.
PeARL III
The PEARL III trial evaluated the efficacy of long-term intermittent use of 10 mg/day of UPA. 21 Women between 
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Trefoux Bourdet et al 18 and 48 years of age with fibroid-related menorrhagia, a myomatous uterus (equivalent to 16 weeks' gestation or less), with at least one fibroid of 3 cm or more in diameter and none larger than 10 cm, and who were eligible for surgery were included in the study. Each patient received a 3-month course of 10 mg/day of UPA, immediately followed by double-blind oral progestin norethisterone acetate (NETA; 10 mg/day) or placebo for 10 days. UPA was started during the first 4 days of menstruation. After the first course of UPA, each woman could choose either to leave the study and attend a final follow-up visit at week 12, or to be assessed for a further 18 months and enroll in the PEARL III extension study to obtain three further 3-month long courses, with each course of UPA treatment separated by two menstrual cycles (approximately 2 months). A total of 209 patients were enrolled in the PEARL III trial; 132 entered the extension study, and 107 received four courses of UPA. 21 After each course of UPA treatment, the control of bleeding (indicated by a significant reduction in the PBAC score) was faster than the initial reduction. The median times to amenorrhea were 2, 3, and 3 days for treatment courses 2, 3, and 4, respectively. With every additional course, the amenorrhea rates increased. The amenorrhea rates were 89%, 88%, and 90% for the 131, 119, and 107 women who received treatment courses 2, 3, and 4, respectively. 21 After each course, more patients demonstrated myoma volume reduction, and after four courses, 82% of patients had a 25% reduction in the myoma volume. The median myoma volume decrease at each course was -63% after course 2, -67% after course 3, and -72% after course 4 ( Table 2) . 21 A number of limitations were associated with the PEARL III study. The dose (10 mg) and duration (3 months) of each UPA course were based on past experience, but it is unknown whether longer periods of continuous treatment could also prove safe and effective. Relatively few African women were recruited, but previous studies have demonstrated efficacy in these women. 9, 10 Finally, one-third of the women (some of whom had surgery) were not enrolled in the extension study, and consequently, it is not possible to know how this subgroup of patients would have responded to repeated UPA.
PeARL Iv
The PEARL IV study was designed to investigate the efficacy and safety of repeated 12-week courses of UPA for the intermittent treatment of symptomatic uterine fibroids. 22 The inclusion criteria were similar to those detailed in the PEARL III trial, but interestingly, to be included and randomized (to 5-10 mg daily of UPA), the patients did have to be scheduled for surgery. The second course of UPA was commenced with the second off-treatment menstruation. The proportion of patients achieving controlled bleeding during two treatment courses was 80%. Menstruation resumed after each treatment course and was diminished compared with baseline. After the second treatment course, the median reductions from baseline in the fibroid volume were 54% and 58% for the patients receiving 5 and 10 mg of UPA, respectively. The pain and quality of life improved in both groups ( Table 2 ). This study was conducted because the efficacy of long-term SPRM treatment in terms of bleeding control and fibroid shrinkage were unknown.
Tolerability and safety profile Adverse events
All PEARL trials have assessed the tolerability of UPA. The rate of the occurrence of any adverse event (Table 3) was approximately 50% in the PEARL I trial (similar to the placebo group) and the PEARL IV trial (after the first course). Headache and pain, discomfort, or tenderness in the breasts were the most common adverse events in the UPA groups. Interestingly, this rate decreased during the second course of UPA in the PEARL IV trial. In the PEARL II trial, the rate of occurrence of any adverse event reached almost 80% in the UPA groups but exceeded 80% in the LA group.
The PEARL II trial focused on the incidence of hot flashes. Because this information was prospectively and specifically recorded, the incidence of hot flashes was higher in this trial. At week 13, UPA was associated with a significantly lower incidence of moderate-to-severe hot flashes compared with the LA group (11% versus 40%).
Serious adverse events
In the PEARL I trial, the incidence of serious adverse events (Table 3 ) was 2% in the groups treated with UPA (6% in the placebo group), 9 and similar rates were reported in PEARL II trial, with 8%, 5%, and 6% of patients treated with UPA at 5 mg, UPA at 10 mg, and LA, respectively, experiencing serious adverse events. 
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Ulipristal acetate for the treatment of uterine fibroids Various original aspects were described for these samples, but the expert pathologists did not observe malignant or premalignant changes. Some endometrial patterns resembled those observed during a normal endometrial cycle or other benign conditions, but some were unclassifiable based on the available criteria and were designated progesteron receptor modulators-associated endometrial changes (PAECs). Some of the aspects of PAECs are induced by hormonal depletion or by estrogen or progesterone stimulation.
In the PEARL I and II trials, endometrial biopsies allowed for detailed observations of the effects of UPA treatment on the endometrium. 9, 10 The histological modifications induced by UPA were compared with those detected in the two control groups (placebo and LA). Endometrial biopsies were repeated at three different times: at screening, after 3 months of treatment, and at 6 months after the end of therapy. After 3 months of treatment, PAECs were found in 50%-60% of women treated with UPA (5 or 10 mg) in the PEARL I and II trials. These changes had disappeared by 6 months after the end of treatment in both trials. The incidence of PAECs in both subgroups (5 and 10 mg) was comparable to that observed in the placebo and LA groups.
In the PEARL IV trial, an endometrial biopsy was performed 6 weeks after the end of the second course of UPA, and non-physiological features were observed in approximately 15%-20% of the patients. 22 Thus, repeated courses of UPA did not increase the frequency of PAEC. The incidence of endometrial hyperplasia after two courses of treatment was 1%, which is consistent with the expected frequency in women with abnormal uterine bleeding within this age range. 24 In addition, an increase in the mean endometrial thickness of treated patients has been observed on ultrasound examinations. In the PEARL I and II trials, an endometrial thickness exceeding 16 mm was reported in 3%-5% of cases at baseline and in up to 10%-15% of cases after 3 months of UPA administration. This phenomenon spontaneously regressed after the discontinuation of treatment (week 17). 9, 10 In conclusion, the typical changes induced by unopposed estrogen were not observed in patients treated with SPRM, and the risk of malignancy or premalignant endometrial tumors appeared to be low, even after repeated courses of UPA.
UPA and pregnancy
Recently, Luyckx et al reported the first series of pregnancies achieved after UPA treatment for uterine fibroids. 25 In one of the institutions participating in the PEARL II and III trials, 21 of the 52 patients included in the study wished to conceive upon treatment completion. Among them, 19 underwent myomectomy after UPA, and two did not undergo any surgery. Two became pregnant without surgery, as their fibroids had regressed significantly and the uterine cavity was no longer distorted. Altogether, 15 patients conceived (71%), totaling 18 pregnancies. Among these 18 pregnancies, 12 resulted in the birth of 13 healthy babies, and six pregnancies ended in early miscarriage (33%). Among the six miscarriages, three occurred after IVF, which is known to have a higher miscarriage probability than natural conception. The others may have been related to the age of the population, whose median age was 38 years. The mean interval to achieve pregnancy after the end of the treatment was 10 months for patients starting directly upon treatment completion or after surgery. Patients who underwent surgery before trying to conceive were asked to wait 3 months to avoid early pregnancy on a scarred uterus.
In this study, there were no maternal complications related to fibroids during pregnancy or after delivery. There was no significant fibroid regrowth during pregnancy, possibly because of the apoptosis induced by UPA. Eleven of the 12 deliveries were performed by cesarean section, either because of previous surgery for uterine fibroids or in an emergency context for preeclampsia or fetal conditions. All of the infants were healthy. The only fetal anomaly observed occurred in a patient who started a new course of treatment when she was unexpectedly pregnant. This infant had an ectopic kidney, but the neonatology team concluded that the UPA treatment played no role in this anomaly. The pregnancies obtained in this series demonstrate that endometrial modifications are reversible and that the endometrium is suitable for implantation after treatment.
Discussion
In the treatment of fibroids, the choice of therapy is influenced by several factors, including the severity of symptoms (pain, bleeding), infertility related to fibroids, the tumor characteristics (volume, localization), the patient's age, wish to preserve the uterus, and wish to preserve fertility/desire to become pregnant.
The introduction of UPA will undoubtedly modify the use of surgery. Various situations can be cited: 
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• Women with class 0, 1, or 2 symptomatic fibroids 2 cm distorting the uterine cavity and wishing to preserve their fertility. With myoma reduction, UPA may make the hysteroscopic myomectomy procedure easier and reduce the number of two-step procedures.
• UPA could also become an alternative to hysteroscopic myomectomy if a good clinical response is obtained (improvement of menorrhagia) and if the uterine cavity is restored.
• Women with multiple symptomatic fibroids (class 2 to 5) wishing to preserve their fertility. UPA could be an alternative to myomectomy. Following laparotomic or laparoscopic myomectomy, pregnancy rates have reached 60%, with good obstetric outcomes. 26 Unfortunately, myomectomy is associated with surgical risks and complications (most importantly, blood loss requiring transfusion, long procedures and hospital stays, postoperative morbidity, and even life-threatening complications). 27 Postoperative adhesions are of particular concern because their presence increases the risk of impaired spontaneous fertility. Avoiding laparotomy in young patients is most likely beneficial in terms of fertility, and the use of UPA could be an interesting alternative. Because the impact of such fibroids (not distorting the uterine cavity) on fertility is unclear, treating pain and bleeding symptoms first should be investigated. The main limitation of this strategy may be a matter of time. No data are available so far regarding the interval before fibroid regrowth and symptom recurrence after the end of UPA treatment. Waiting too long for spontaneous pregnancy or assisted reproductive technology attempts may be associated with a natural decline of the ovarian reserve. To date, the European Medicines Agency authorized UPA treatment for up to 3 months and stated that the 3-month treatment can be repeated, but only once. 28 • Women with a few class 5 or 6 large myoma(s) could be treated with UPA preoperatively to permit laparoscopic myomectomy instead of laparotomy.
• Similarly, a sufficient uterine volume reduction permitting vaginal or laparoscopic hysterectomy instead of laparotomy may constitute a good reason to give UPA preoperatively.
• Perimenopausal women with one or more symptomatic fibroids who are unwilling to undergo surgery despite the failure of other medical treatments could be effectively treated with UPA while waiting for fibroids to shrink, as is usually observed after menopause. 29 Currently, UPA is authorized for preoperative treatment for fibroids for a cycle of 3 months, which can be repeated once. For now, this treatment is not intended to avoid surgery, but in clinical practice, when fibroids symptoms have disappeared, the question to cancel or postpone surgery is frequently raised. Concerning the feasibility of myomectomy, on a technical point of view, it is particularly difficult to show "scientifically" that UPA facilitates or hampers the procedure.
The PEARL III and IV studies suggested the efficacy and safety of long-term intermittent treatment with UPA for the control of fibroid-related symptoms. 21, 22 The above list of possible new indications for medical therapy with UPA is interesting because it incorporates UPA into the current management of fibroids. Further studies are needed to confirm these new algorithms. Similarly, new algorithms should ideally consider identifying patients who will benefit from UPA therapy. To our knowledge, such identification has not yet been performed, but a multivariate analysis including the characteristics of the patients and fibroids associated with favorable clinical outcomes could permit the classification of patient as "expected good or bad UPA responders".
Conclusion
Currently, no validated medical treatment is able to eliminate fibroids, and hence, surgery still represents the most effective treatment for symptomatic fibroids. In many cases, hysterectomy is the treatment of choice, though it causes infertility in women of reproductive age. UPA may be a good option for women seeking pregnancy, for women who wish to avoid surgery, or before surgery to reduce the invasiveness of the operation. The heterogeneity of these possible indications will require various original clinical studies to identify the optimal indications for UPA in patients with symptomatic fibroid(s).
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